. LLNL-TR-560677

LAWRENCE
LIVERM ORE

o2~ | Interim Report on SNP analysis and forensic microarray probe

design for South American hemorrhagic fever viruses,
tick-borne encephalitis virus, henipaviruses, Old World
Arenaviruses, filoviruses, Crimean-Congo hemorrhagic fever
viruses, Rift Valley fever viruses and Japanese encephalitis
viruses

C. Jaing, S. Gardner

June 12, 2012




Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States
government. Neither the United States government nor Lawrence Livermore National Security, LLC,
nor any of their employees makes any warranty, expressed or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Reference herein
to any specific commercial product, process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States government or Lawrence Livermore National Security, LLC. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United States government or
Lawrence Livermore National Security, LLC, and shall not be used for advertising or product
endorsement purposes.

This work performed under the auspices of the U.S. Department of Energy by Lawrence Livermore
National Laboratory under Contract DE-AC52-07NA27344.



Interim Report on SNP analysis and forensic microarray probe design for South
American hemorrhagic fever viruses, tick-borne encephalitis viruses,
henipaviruses, Old World Arenaviruses, filoviruses, Crimean-Congo

hemorrhagic fever viruses, Rift Valley fever viruses and Japanese encephalitis
viruses

Project Title: Forensic TagMan and Microarray Assays for Viral Genotyping

Contributors
Shea Gardner and Crystal Jaing

Lawrence Livermore National Laboratory (LLNL), Livermore, CA
Principal Investigator and Correspondent

Crystal Jaing
925-424-6574, jaing2@lInl.gov

LLNL-TR-560677

June 5, 2012

This document was prepared as an account of work sponsored by an agency of the United States government. Neither
the United States government nor Lawrence Livermore National Security, LLC, nor any of their employees makes any
warranty, expressed or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not infringe
privately owned rights. Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States government or Lawrence Livermore National Security, LLC. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United States government or Lawrence
Livermore National Security, LLC, and shall not be used for advertising or product endorsement purposes.

This work performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National
Laboratory under Contract DE-AC52-07NA27344.


mailto:jaing2@llnl.gov

Introduction

The goal of this project is to develop forensic genotyping assays for select agent viruses,
enhancing the current capabilities for the viral bioforensics and law enforcement community. We
used a multipronged approach combining bioinformatics analysis, PCR-enriched samples,
microarrays and TagMan assays to develop high resolution and cost effective genotyping methods
for strain level forensic discrimination of viruses. We have leveraged substantial experience and
efficiency gained through year 1 on software development, SNP discovery, TagMan signature
design and phylogenetic signature mapping to scale up the development of forensics signatures in
year 2. In this report, we have summarized the whole genome wide SNP analysis and microarray
probe design for forensics characterization of South American hemorrhagic fever viruses, tick-
borne encephalitis viruses and henipaviruses, Old World Arenaviruses, filoviruses, Crimean-Congo
hemorrhagic fever virus, Rift Valley fever virus and Japanese encephalitis virus.

Methods

SNP analyses were performed on all available full genomes or segments using KSNP. kSNP
is a bioinformatics tool for sequence comparison and can scale to hundreds of bacterial or viral
genomes, and can be used for finished and/or draft genomes available as unassembled contigs [1].
The method is fast to compute, finding SNPs and building a SNP phylogeny in seconds to hours
depending on input. The approach can handle as input hundreds of megabases to gigabases of
sequence in a single run. k=13 identified more SNP alleles than k=25. Fewer SNPs were found with
the larger k because a longer length of conserved sequence surrounding the SNP is required. With
these divergent viruses, shorter k means that SNPs in closer proximity to one another can be found,
thus reducing the stringency for conservation surrounding a SNP. A value of k=13 for viruses
should provide better resolution of unsequenced novel isolates than k=25, so all results reported
below are for k=13, unless otherwise indicated. The results are summarized in Table 1.

Phylogenetic trees were created using:

1) Multiple sequence alignments (MSA), or full genome multiple sequence alignment with
MUSCLE (http://www.drive5.com/muscle/; [2]) followed by maximum likelihood with
1000 bootstrap replicates using RAXML (http://icwww.epfl.ch/~stamatak/index-
Dateien/software/RAXML-Manual.7.0.4.pdf ; [3])

2) SNP Hamming distance, calculated as the number of SNPs that differ between each pair of

genomes and trees built using the neighbor method in PHYLIP

3) SNP RAXML, analyzing just the SNP alleles concatentated into a string for each genome, to

make a SNP alignment from multiple genomes that can be treated as though it were an
MSA, then using RAXML to create a maximum likelihood tree with 1000 bootstrap
replicates from this SNP alignment.

Branch specific SNP allele counts are plotted on nodes, strain/genome specific allele counts
are given in brackets after strain name. For each target set, the tree (full genome MSA, SNP
distance, or SNP RAXML) that results in the most SNPs mapping to the tree is shown (that is, the
tree that yields the fewest homoplastic SNPs).

Microarray probes were designed for every SNP. Probe design strategy maximized
sensitivity and specificity based on extensive prior lab testing on a NimbleGen microarray platform,
where we demonstrated 100% SNP allele call rates and 99.5% accuracy (in prep, and unpublished
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reports for DHS). We determined that maximum sensitivity and SNP discrimination accuracy result
if the SNP base is at the 13" position from the 5 end of the probe (the end farthest from the array),
probes are between 32 and 40 bases long, and length varies so as to equalize hybridization free
energy (AG) to the extent possible within the allowable length range. Probes shorter than 32 bases
have high false negative rates, and longer probes are inefficient at discriminating single base
mismatches. We found that AG is a better predictor of hybridization than Tr,,. Probe candidates with
hybridization free energy below AG=-43 kcal/mol were shortened until either their AG exceeded -
43 kcal/mol or they reached the minimum 32 bases. Probes were designed around the SNP on both
the plus and minus strands, for all 4 possible SNP alleles, and all surrounding sequence variants.
We design probes for both the plus and minus strand; these are not the reverse complements of one
another because the SNP does not lie at the center of the probe. There are probes for each of the 4
variants on each strand, so at least 8 probes per SNP locus. In addition, any sequence variation
outside of the k-mer SNP context of conserved bases is captured in multiple alternative probes for
that allele, so there may be more than 8 probes per SNP locus, although for a given hybridization,
only the probe variant with the best signal is used for assessing the SNP allele at the 13™ position.
Finally, probes are trimmed from the 3’ end to remove any N’s or other degenerate bases, and
omitted altogether if doing so results in a probe less than 32 bases. If a probe is a subsequence of
any other, only the shorter of the two is kept. If necessary to fit on the desired array format, probes
can be omitted for alleles not represented in the target sequences, e.g. for biallelic SNPs half the
probes can be pruned. Both full unpruned sets of probes and those reduced to the observed allele
variants are provided.

Results

The viruses analyzed have between 5 and 144 full length finished and draft genomes or
segments available for analysis (Table 1). We found between 182 and 10,276 SNP loci for each
organism. The detailed phylogenetic trees are shown after Table 1. Branch-specific SNP allele
counts are plotted on nodes, strain/genome specific allele counts are given in brackets after strain
name. For each target set, the tree that results in the most SNPs mapping to the tree is shown (that
is, the tree that yields the fewest homoplastic SNPS).



Table 1. SNP analysis results summary.
Organism #target #SNP  #probes # probesfor  Strain resolution

sequenc  loci observed
es alleles only
Ebola 22 3083 56,113 16,163 All strains can be uniquely resolved
Marburg 31 2922 65,413 18,951 All strains can be uniquely resolved
CCHF L 31 7216 233,005 62,837 All strains can be uniquely resolved
CCHF M 49 4720 144,741 38,729 All strains can be uniquely resolved
CCHF S 56 1073 40,437 11,145 All strains can be uniquely resolved
RVF L 62 1190 39,213 12,181 All strains can be uniquely resolved
RVF M 69 897 33,025 9,888 All strains can be uniquely resolved
RVF S 89 436 17,993 5,381 Only 2 strains cannot be uniquely resolved on the
basis of SNPs:
Rift_Valley fever 200803166_segmentS_gi33042
2537
Rift_Valley fever_Kenya 9800523 _segmentS_gi
87622508
JEV 144 6759 273,205 78,468 All strains can be uniquely resolved
OW ArenaL 45 7556 173,157 44,031 All strains can be uniquely resolved
OW ArenaS 54 4657 120,873 30,698 There are 2 pairs of strains that cannot be uniquely

resolved on the basis of SNPs:

Lassa_AV_GPC _and_nucleoprotein_NP_genes_gi
46373061
Lassa_AV_gi354681510

Lassa_recombinant_Josiah_segmentS_gi32390330
Lassa_segmentS_gi23343509

NW ArenaS 100 5410 139,505 37,249 The following 2 pairs of strains cannot be uniquely
resolved on the basis of SNP:

Machupo_Carvallo_segmentS_gi22901290
Machupo_Carvallo_segmentS_gi48095765

Pichinde_gi332639
Pichinde_gi55733698

NW Arena L 42 4389 80,973 20,800 All strains can be uniquely resolved
Junin L 12 182 2397 812 All strains can be uniquely resolved
Junin S 26 660 20,341 6,100 All strains can be uniquely resolved
MachupoL 5 373 6173 1719 All strains can be uniquely resolved
Machupo S 13 614 15,309 4,336 The following 4 strains cannot be uniquely

resolved on the basis of SNPs:

Machupo_Carvallo_segmentS_gi22901290
Machupo_Carvallo_segmentS_gi45826501
Machupo_Carvallo_segmentS_gi48095765
Machupo_segmentS_gi34365532

Nipah 9 684 10,573 3,090 All strains can be uniquely resolved
Hendra 10 437 5,841 2,280 All strains can be uniquely resolved
TBEV 67 10,276 288,269 78,225 All strains can be uniquely resolved

Abbreviations: CCHF=Crimean-Congo hemorrhagic fever, RVF=Rift Valley fever, JEV=Japanese
encephalitis virus, NW Arena=New World Arenavirus, OW Arena=0Old World Arenavirus,
TBEV=tick-borne encephalitis virus.



Ebola

Number_SNPs: 3083

Number_Homoplastic_SNPs from MSA tree (shown below): 97
Number_Homoplastic_SNPs from SNP Hamming distance tree: 123
Number_Homoplastic_SNPs from SNP RAXML tree: 306

All strains can be uniquely resolved on the basis of SNPs.

Number of SNP microarray probes:

56,113 probes for all alleles

16,163 probes for observed alleles only

Faire_eholavirushayinga_gi297 3406711 2]
Laire_ebalavirusMayinga_gi11761744[6]
Faire_eholavirus_seq1[a]
Laire_ebalavirus_gi1 03139891 (0]
Faire_eholavirushavinga_subtype_Faire_gi23630432([0]
Laire_ebalavirusMayinga_gi21 70264 7[12]
Faire_eholavirus_seq2[d]
Faire_eholavirusZaire_1995_gi33360540[104]
Cote_divoire_ebolavirus_Cote_divoire_Tai_Forest_1954_seqa[24]
r—— Bundibugyo_ebolavirus_gi302371213(444]
= Cote_divoire_ebolavirls_gi302315369[4584]
= Sudan_ebolavirusBoniface_gi237900821[2]
33 Sudan_ebolavirus_Boniface_1976_seqa[r]
"7 Sudan_ebolavirus_Maleo_1879_seq4[27]

21 Sudan_ebolavirlsEBOWV-5-2004_from_Sudan_gi165940954[57]
Sudan_ebolavirus_gisa7 TOB0T[E 8]
Reston_ebolavirus_Reston_gi1 5823608[7 4]

] 15 84 Feston_eholavirus_RestonReston08-E_pi26331773F[194]
Reston_ebolavirus_RestonReston08-A_gi263317719[271]
a Feston_eholavirus_gi22789222(6)]
Reston_ebolavirusPennsylvania_gis5247455[33)
Feston_eholavirus_RestonReston0s8-C_giZ2b3317728[414]

245
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Marburg

Number_SNPs: 2922

Number_Homoplastic_SNPs from MSA tree: 1168

Number_Homoplastic_SNPs from SNP Hamming distance tree (shown below): 200
Number_Homoplastic_SNPs from SNP RAXML tree: 214

All strains can be uniquely resolved on the basis of SNPs.

Number of SNP microarray probes:

65,413 probes for all alleles

18,951 probes for observed alleles only

Lake_Mictoria_marburgwirus_Angola2009Ang0215_aig1177719[0]
Lake_ictoria_marburgvirus_Angola2005Ang1 386_gid11776945([0]
Lake_Mictoria_marburgvirus_Angola2005Ang1 379¢_ai911 7767 9[0]
Lake_ictoria_marburgvirus_Angola2005Ang0214_gid1 1777 11[2]
Lake_Mictoria_marburgwirus_Angola2009Ang01 26_aig11 77 703[1]
Lake_Victoria_marburgvirus_Angola2005Ang1 381 _gid1177687[0]

Lake_Mictoria_marburgwirus_Angola2009Ang0998_agig11 777 35[3]

70

Lake_ictoria_marburgvirus_Angola2005Ang07 54 _ Qi1 177727 4]
Lake_Mictoria_marburgvirusppa_guinea_pig_lethal_variant_gi4038[4]
11 Lake_Victoria_marhurgvirusppd_guinea_pig_nonlethal_variant_oi4[4]
16 Lake_Mictoria_marburgwirus_gil1 585381 08[4]
Lake_Victoria_marburgvirus_oiad1 7a0[22]
21 Lake_Mictoria_marburgwirus_CiET_gi191564214[24]
500 Lake_ictoria_marburgvirus_seq1[3]
Lake_Mictoria_marburgwirus_gid50908[31]
Lake_ictoria_marburgvirusUganda_331Bat2007_gi254633083[20]
53 Lake_Mictoria_marburgvirusUganda_371Bat2007_gi2o468807 a1 6]

143— Lake_ictoria_marhurgvirusUganda_01Ugaly _oi254688067[64]

162

21 Lake_Mictoria_marburgvirus_DRC1999050RC99_gi91177759[78]
34

Lake_Victoria_marburgvirns_DRC19990FDRCYS_i911777a1[73]
Lake_Mictoria_marburgvirushd_S_Africa_Johannesburg_1875_Czalin_[179]
Lake_Victoria_marburgvirus_RavnR1_git 874307 &0([0]
Lake_Mictoria_marburgvirus_Rawn_gig@ 1177 r743[1]
Lake_Victoria_marhurgvirus_RavnRZ_0i1 874807 68[F)
Lake_Mictoria_marburgvirus_RawnR3_ai1 87430752 [20]
Lake_Victoria_marburgvirus_Rava_oil 519642061 2]
Lake_Mictoria_marburgvirus_DRC1999080DRC99_gi911 7 F7ET[9E]
Lake_Victoria_marburgvirusUganda_02Uga07_gi2a4683034[9]

39

73 Lake_Mictoria_marburgvirusUganda_44Bat2007_gi25468804 3[8]
Lake_Victoria_marhurgvirusUganda_188Bat2007_giZ254633051[4]

Lake_Mictoria_marburgvirusUganda_932Bat2008_gi2o4688059[81]



CCHF L segment

Number_SNPs: 7216

Number_Homoplastic_SNPs from MSA tree: 1422

Number_Homoplastic_SNPs from SNP Hamming distance tree (shown below): 1223
Number_Homoplastic_SNPs from SNP RAXML tree: 1270

All strains can be uniquely resolved on the basis of SNPs.

Number of SNP microarray probes:

233,005 probes for all alleles

62,837 probes for observed alleles only

Crimean-Congo_lhAr1 0200_L_gidd232205[2)
Crimean-Congo_lkhAr 0200_seqmentl_giB0280372[0]
Crimean-Congo_lkhAr 0200_segmentl_giB29597549([0]
Crimean-Congo_segmentl_givE3640645([6]
Crimean-Congo_ArD39554_segmentl_giv8191704[104]
Crimean-Congo_ArD15786_segmentl_giv8191702[102]
Crimean-Congo_ArDE194_segmentl_gi781591700[39)
5(3rimean—Cl:nngl:u_SF'LJeH5_85_segr’ner1tL_giT81EHTf"IEI[EIE]
Crimean-Congo_SPUSY_85_segmentl_giva191714[107]
Crimean-Congo_SPLM03_87_segmentl_agiv3191716[383]
|—Cr|mean Congo_SPLM28_81_7 L gir1648474[49]

I—Cnmean Congo_SPU4_81_L oiv1648480[14)
BCnmean—C|:|ngD_Kashmanw_segmentL_gﬁM91?10[21]

™ 45— Crimean-Cango_YLv-100_segmentl_gi72255747(44]
1 Crimean-Congo_30908_segmentl_gifd633827[107]
9 Crimean-Congo_Drosdov_segmentl_giv3191 F02[7E]
— 2 135 Crimean-Congo_Kosova_Hoti_segmentl_gi1 53121 996[224]

[2350rimean—C|:|ngl:u_Turk.eyr-KeIkitDE_segmentL_gi2549403T2[EE]
Crimean-Congo_Turkey200310849_seqgmentl_giT8191720[60]
|—Cr|mean Congo_79121M18_seamentl_oi280789477T[114]
—10 |—Cr|mean Congo_YLO4057_segmentl_oi2230184527(130]
gCr|mean-CDngn_Baghdad-12_5egmentL_g|5299?54T[4EB]
Crimean-Congo_Matin_L_oid5827ETA[456]
—n Crimean-Congo_C-68031 _seamentl_gi7¥3181 7OG[407]
19 13 i ean-Congo_Oman_segmentl_gi78181712(455]
Crimean-Congo_TADJ_HUS96E_seamentl_gif6122583[534]
|—Cr|mean Congo_AP92 _segmentl_oi78191698[534]
|—Cr|mean Congo_Hazara_JC280_segmentl_oiv1648434[294]
ull]3r|mean-CDngn_CDngu_3I]1D_segmentL_g@MDE#El#[E]
337 Crimean-Congo_LUIG3010_segmentl_oiv 81917 22[7]
Crimean-Congo_Semunya_L_Qiv1643470[37 3]




CCHF M segment

Number_SNPs: 4720

Number_Homoplastic_SNPs from MSA tree: 680

Number_Homoplastic_SNPs from SNP Hamming distance tree (shown below): 585
Number_Homoplastic_SNPs from SNP RAXML tree: 791

All strains can be uniquely resolved on the basis of SNPs.

Number of SNP microarray probes:

144,741 probes for all alleles

38,729 probes for observed alleles only

Crimean-Congo_88166_gi18565099[2]
Crimean-Congo_BASS1EEBABS166_segment_M_segmentM_gi1 33104 29[3]
Crimean-Congo_2402_gi1 8565095([0]
Crimean-Congo_BARA0Z _ervelope_nil40295593[26]
Crimean-Congo_C-68031_segmenthd_giv8191732[14]
Crimean-Congo_Hy13_segmenth_gis9380673[13]
Crimean-Congo_katin_giTA8E0480[181]
Crimean-Congo_COman_segmenthd_gi7 3191 738[251]

8¢ Crimean-Congo_SPU415_85_segmenthd_giva8191744[102]
= Crimean-Congo_SPUYTY_35_ segmentd_gir8191740[85]
%Crimean-CDngu_EEm9_gi18555[|?2[22]

== Crimean-Congo_BABE019_envelope_gil14029591[26]

] Crimean-Congo_Kashmanov_segmenth_gi78191736[18]
0 Crimean-Congo_ROS_HUWLY-100_segmenthd_giS2395417[22]
Crimean-Congo_gi3v v 301 25[28]
Crimean-Congo_Turkey-kelkitOE_segmenth_gi254940370[36]

45 Crimean-Congo_Turkey200310849_segmentM_giva191 7 46[38]

10

0 Crimean-Congo_kKosaova_Hoti_seamenth_gi1a7929884[30]
4|_£ Crimean-Congo_Kosovo_95953_2001_envelope_oiaGaa54583[82]

0

4

Crimean-Congo_Drosdov_segmenth_giv8191734[1349]
Crimean-Congo_T49121M18_segmenth_gi2 307947 TH[3]
Crimean-Congo_T49121_gil18565091([1]
Crimean-Congo_7T001_gil 856507 7[3]
Crimean-Congo_YL04087 _segmenthd_gi2230195245[69]
Crimean-Congo_ArD15786_segmenthd_gir 31917 28[133]
Crimean-Congo_ArDE194_segmenthd_gi78191726[139]

Crimean-Congo_UG3010_segmentM_gi7r8181748[0]
AECrimean-Cnngu_EmD_segmentM_giE?QDEBEE[E]

Crimean-Congo_UG3010_segmentd_gis9380669([3]
—— Crtimean-Congo_segmentd_giv4039637[238]
Crimean-Congo_AP92_segmentM_giva8191724[213]
Crimean-Congo_Hazara_segmentd_gi1111543859[69)
Crimean-Congo_ArD39554_segmenth_giv8191730[204]
Crimean-Congo_SPUM28_81_7 _membrane_ghcoprotein_gene_givG09708[0]
Crimean-Congo_SPU4_31_membrane_ghycopratein_dene_girG097090[2]
Crimean-Congo_SPUM28_84_segmenthl_nis9380665[8]

P Crimean-Congo_gil62714971[11]
36 Crimean-Congo_segment_gir5905471[14]

|:11 Crimean-Congo_SPLUM03_87_segmenthd_giv8191742[107]

Crimean-Congo_SPU41_84_segmentid_gis9380667[123]
11?Crimean-Cnngu_?‘Sﬂzd_gi18555083[23]
45 Crimean-Congo_7803_gil18565087[23]

52 Crimean-Congo_gi41052468[155]
Crimean-Congo_Hodzha_sedgmenthd_gi30271917[116]
Crimean-Congo_gi3vri30127[128]
Crimean-Congo_U2-2-002_U-6415_segmenthd_gis9380671[158]
Crimean-Congo_lran-52_segmentd_gi90811600([3]

18 Crimean-Congo_lran-93_segmenthd_gi90811602[22]
Crimean-Congo_gid1052466[31]

66
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CCHF S segment

Number_SNPs: 1073

Number_Homoplastic_SNPs from MSA tree: 294

Number_Homoplastic_SNPs from SNP Hamming distance tree (shown below): 266
Number_Homoplastic_SNPs from SNP RAXML tree: 326

All strains can be uniquely resolved on the basis of SNPs.

Number of SNP microarray probes:

40,437 probes for all alleles

11,145 probes for observed alleles only

Crimean-Congo_SPU128_81_7_segmentS_giv1648476[3]
Ctimean-Congo_SPU4_81_sedmentS_ni71648478[0]
Crimean-Congo_SPU4146_858_segmentS_giv8191770[13]
Crimean-Caongo_Sudan_Al-Fulab_3-2008_seamentS_gi2914652596(0]
Crimean-Cango_Sudan_Al-Fulab_4-2008_seamentS_gi291465258([1]
Crimean-Congo_ArD39554_segmentS_gita191756[32]
Crimean-Congo_SPU103_87_seamentS_gi7 3191 768[21]
Crimean-Caongo_SPUAY_85_ segmentS_aiv¥8191 TEE[24]
Crimean-Congo_seamentS_gi39840949[47]
Crimean-Congo_APS2_segmentS_giv8191750[1]
Crimean-Congo_gida0228[1]
Crimean-Congo_Hazara_JC280_5_RMNA_seament_gid25a423[16]
Crimean-Congo_ArD1a8786_segmentS_giva191754[23]
Crimean-Cango_DAK_8194_nucleoprotein_gene_gi18a7781[21]
Crimean-Congo_UG3010_seamentS_oi7¥8131774[3]
Crimean-Congo_UGARDA_3010_nucleoprotein_oene_gi1 8487 791[1]
Crimean-Cango_Semunya_sedmentS_gi71648472[39]
Crimean-Congo_BT958_seqmentS_gi119514278[52]
Crimean-Congo_lran-53_seamentS_gid0811596[0]
Crimean-Caongo_lran-56_segmentS_agig0811598[0]
Crimean-Caongo_lran-52_segmentS_agig0811594(3]
Crimean-Caongo_JD_206_nucleoprotein_gene_gi1857787[F]
Crimean-Congo_gi41052464[3]
Crimean-Congo_Matin_gi22203736[11]
Crimean-Caongo_Oman_segmentS_giv8191764[29]
Crimean-Congo_gi41092462[42]
Ctimean-Congo_C-688031_segmentS_gi7a191758[0]
Crimean-Congo_CBE031_5_RMNA_segment_gi323278[1]
Crimean-Cango_HY_13_nucleoprotein_gene_gi12357784a[0]
Ctimean-Congo_gi10638948[7]
Crimean-Congo_Chinalg]
Crimean-Caongo_TAJ_HUSSYS_segmentS_gi1394727593[19]
Crimean-Cango_Uzbek_TIH0145_0i19548629[21]
Crimean-Congo_gi10638944[15]
Crimean-Congo_CYL_TI0a035_give365796(2]
Crimean-Cango_CYT_TI0A099_givr994346[1]
Crimean-Congo_CLT_TI0AT46_giv7994348[1]

3 Crimean-Congo_YL04057_segmentS_gi223019523[5]
0 |:3 Crimean-Caongo_79121M18_seaqmentS_gi290794781[0]

Crimean-Congo_F001 _nucleaprotein_mRRA_gi1a788940[2]

I_E Crimean-Congo_TAJ_HUB966_segmentS_gil1 39472788[4]

12 Crimean-Caongo_TAJ_HUSSYE_seqmentS_gil1 39472795[1 4]
= Crimean-Congo_Hodzha_segmentS_gi30271315[21]
Crimean-Congo_Kashmanov_segmentS_aiv8191762[1]
Crimean-Cango_ROS_HINWLY-100_segmentS_gig2395415[0]
Crimean-Congo_segmentS_gi32B93306[5]
Crimean-Caongo_Drosdov_segmentS_agi78181760[14]
Crimean-Cango_59553_2001_segmentS_gi261595687 2[7]
Ctimean-Congo_kKosowd_Hoti_segmentS_ogi71483096[8]
Crimean-Caongo_Turkey200310349_segmentS_gi78181 77 2[13]
Crimean-Cango_Turkey-Kelkit06_segmentS_gi254940368[18]
Ctimean-Congo_seamentS_giS6607100[18]
Crimean-Caongo_STV_HU29223_gi195486345[19]
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RVF L segment

Number_SNPs: 1190

Number_Homoplastic_SNPs from MSA tree (shown below): 271
Number_Homoplastic_SNPs from SNP Hamming distance tree: 276
Number_Homoplastic_SNPs from SNP RAXML tree: 271

All strains can be uniquely resolved on the basis of SNPs.

Number of SNP microarray probes:

39,213 probes for all alleles

12,181 probes for observed alleles only

Rift_“alley_fever_200803170_segmentl_gi330422504([1]
Rift_walley_fever 2008031 65_seqmentl_gi330422495[1]
Rift_‘alley_fever_200803163_segmentl_gi330422491[0]
Rift_‘alley_fever_2007003644_segmentl_gi190411195[2)
Rift_“alley_fever_2007000225_segmentl_gi190411233[0]
Rift_walley_fever_2007000222_segmentl_gi1904112349[1]
Rift_Yalley_fever_2007003081_segmentL_gi130411197[1]
Rift_‘alley_fever_200803162_segmentl_gi3304224849[7]
Rift_“alley_fever_2007001809_segmentl_gi190411213[1]
Rift_walley_fever 20070024582 _segrmentl_gi1 90411201[1]
Rift_“alley_fever_2007002445_segmentl_gi190411205[3]
Rift_‘alley_fever_20070041593_segmentl_gi190411193[2]
Rift_“alley_fever_2007002820_segmentl_gi190411195[4]
Rift_‘alley_fever_2007001443_segmentl_gi190411215[4]
Rift_Yalley_fever_2007000473_segmentl_gi130411231[0]
Rift_‘alley_fever_ 200803164 _segmentl_gi330422493[3]
Rift_Walley_fever 200803168 _segmentl_gi330422501[1]
Rift_‘alley_fever_2008031659_segmentl_gi330422503[F]
5 Rift_“alley_fever_2007001107_segmentL_gi130411223[0]
= Rift_‘Walley_fever_20070012582_segmentl_gi190411221[3]
Rift_walley_fever 20070014564 _segmentl_git 9041121 7[0]
I_h]—E Rift_‘alley_fever_20070000594_segmentl_gi190411241[1]
23 Rift_“alley_fever_2007004194_segmentL_gi130411191[0]
Rift_Yalley_fever_2007001811_segmentL_gi130411211[0]
Mz Rift_walley_fever_Kenya_9800523_seqmentl_gid87Ea9949[4]

o Rift_Walley_fever 2008031 66_segmentl_gi330422497[4]
= Rift_“alley_fever_200803167 _segmentl_gi330422499[9]

Rift_‘Walley_fever_ZS5-B365_segmentl_giB87F00149[5]
Rift_walley_fever ZM-657_seqmentl_gid87v0017[1]
Rift_“alley_fever_ZH-17¥6_segmentL_giB8770021[5]
Rift_walley_fever MP-12_segmentl_gi88vr0007[10]
Rift_“alley_fever_segmentl_gi302596920[0]

Rift_walley fever ZC-3349_segmentl_gi88v70023010]
Rift_“alley_fever_ZH-801-777_segmentL_gi88770014[4]
Rift_walley_fever_FH-501_segmentl_gi@8770011[0]
Rift_“alley_fever_T1_segmentlL_gi88770013[1]

9 Rift_walley_fever MaHS24_seamentl_giB8770027[13]
Rift_Valley_fever_2280_74_segmentL_oi88770024[3)
Rift_‘alley_fever 7T3HB1230_segmentlL_giB87r0049[32]

Rift_“alley_fever_Hvw-B375_segmentlL_gi887r0043[5]

12 Rift_walley_fever CAR-R162Z_segmentl_giB8v70044a[11]
Rift_walley_fever_1853_TE_segmentl_oi88770047[12]
Rift_‘Walley_fever AdK-3837_segmentl_giSa87r0038[0]
Rift_“alley_fever AMK-6087_segmentl_gi83770041[1]

3 Rift_walley_fever_1260_78_segmentl_gi88770035[21]

13 Rift_walley_fever FIHE1449_segmentl_giB87r0031[149]
Rift_‘alley_fever 05-8_segmentl_giS8a87E9935[1]
Rift_valley_fever_(05-9_segmentl_oi887E9993[3]
Rift_‘Walley_fever_ 05-3_segmentl_giS887E9991[0]
Rift_walley_fever_0S5-1_sedgmentl_giB87E9995[3]
Rift_‘Walley_fever ARD-38388_segmentl_gi887E9997[48]
Rift_walley_fever SA-Fa_sedmentl_gig8770055[18]
Rift_‘alley_fever TE3_T70_segmentl_gi887 70051 (6]
Rift_walley_fever_Kenya_56_|BE_seqmentl_oi887 7005304
Rift_“alley_fever_Entebhe_segmentl_gi88770057[20]
Rift_walley_fever_Smithburn_segmentl_gi88v70059[33]
Rift_‘Walley_fever_2373_74_segmentlL_giB87T00E3[58]

Rift_“alley_fever_2269_74_segmentl_gi887 70067 B8]
Rift_walley_fever S&-51_Van_Wyck_sedmentl_giBa7 FO065[36]

L= Rift_‘alley_fever_Saudi_2000-10911_segmentl_gi8a8770001[14]

Rift_Walley_fever_Kenya_83_21445_seamentl_giss770003[14]

Rift_Walley_fever_Kenya_57_Rintoul_sedmentl_gisa77 0061 [36]
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RVF M segment

Number_SNPs: 897

Number_Homoplastic_SNPs from MSA tree: 192

Number_Homoplastic_SNPs from SNP Hamming distance tree (shown below): 189
Number_Homoplastic_SNPs from SNP RAXML tree: 191

All strains can be uniquely resolved on the basis of SNPs.

Number of SNP microarray probes:

33,025 probes for all alleles

9,888 probes for observed alleles only

Rift_walley fewer_2007000223_segmenthd_gi190411289
Rift_‘alley_fever_2007001443_segmenth_gi1490411273
Rift_walley_fewer_2007001809_segmenth_gi190411265
Rift_valley_fever_2007002445 segmenti_gi190411257
Rift_valley_fewer_200803165_segmenth_gi3304224513[2
Rift_Walley_fever_200803170_segmenth_gi330422523[0
Rift_wvalley_fever_200803163_segmenth_gi330422509[2
Ritt_walley fewer_2007000030_segmenthd_gi190411295
Rift_Walley_fever_2007001602_sedmenth_gi190411269
Rift_walley fewer_2007003081_segmenthd_gi190411 251
Rift_valley fewer_2007004193_segmentt_gi190411247
Rift_valley_fewer_2007002060_segmentt_gi190411261
Rift_Valley fewver_200803164_segmentM_gi330422511[0
Rift_walley fewer_200803163 segmentMﬁ|33D422519[1
Rift_valley fever_M48_08_segmentd_gi
Rift_valley_fewer_200803T62_segmenth_ g|33ﬂ422507[5
Rift_Valley fever 2007000617 _segmentfd_gi1904112749
Rift_valley_fewer_2007000613_segmentm_gi190411267
Ritt_walley_fewer_2007001107_segmenthd_gi19041127F7
Rift_valley fever_KEMOT-KLF17 2_segmenth_gi1497746
ER'ﬂ Walley fewer 200803169 segmentd_gi330422521[2
Rift_wvalley_fewver_KEMOT-KUR3IA0_segmentt_gi1 4977 3693[3]
Rift_walley_fewer_2007000094_segmenthd_gil90411293
1 Ritt_walley fewer_ 2007004194 _segmenthd_gi1904112445
2 Rift_Walley fever_ 2007001564 seamenth_gi190411 271
15 Rift_“alley_fever_KENOB-ELH131B08_seqmenth_gi1 497 74697[1]
l—Rn‘t - Walley _fewer 2007000608 _segmenth_gi190411281(3]
’_|_LTU_R|1’[ Walley fever Kenya 9800523 segmenth_gi87622783[3]
1]
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Rift_walley_fewer_Saudi_2000-10911_segmenth_gi8TR22TE5[4]
1] Rift_valley_fever_200803167 _segmenth_gi2 3047251 7[7
I—Rn‘t_‘vfalley.r fewer_200803166_segmenth_ g|330422515[ }J]
Rift_walley fewer_kemya_83_21445 segmentM_giB¥6227a7[21]
Rift_Yalley_fever_ZH-1776_segmenth_gia7622797[1]
Rift_walley_fewer_Z5-6365_segmenth_gi8r622301[2]
Rift_Valley fewer ZM-657 segmenthd | QiavE2279a[1]
Rift_alley_fever_MP-12_Sedment_gia7622807 6]
Rift_alley_fever_segmentM_gi302556922[0]
Rift_walley_fewer_ZC-3349 segmenthl_gi8r622805[9]
Rift_walley fewer T-46_228113_sedmenthd_giB8vB22788[1]
Rift_“alley_fever_ZH-501-777_seamenthl ng?EEETES[E]
Rift_Valley fever_ZH-501_segmenthd_giSTE22791[0]
Rift_wvalley_fewer_T1_segmenth_gi876227493[1]
Rift_walley_fewer_giz34024[8]
Rift_‘alley_fever_2250_74_segment_giB7TE22809[3]
Rift_walley_fever_MgH224_segmenth_gi87622811[11]
Rit_walley fewer_74HBSY segmentm iByE22314[0]
Rift_Walley_fever_segrmentM_gisTe228T7[0]
Rift_Walley_fever_1260_78_seqmenthd_giBrE22819[23]
Rift_valley_fewer_CAR-R1622_segmenth_gig7622829[11]
Rift_valley_fewer_HwB375_segment_agif7622827[13)
Rift_valley fever_1853_78_segmenth g|8?522831!]12
Rift_Valley fever_ ANK-3837_segmenth_gid7622821([2
Rift_valley_fever_AMNK-B087_segmenthd_niB7622823[3]
Rift_valley_fewer_Zinga_seamentM_giB7622825[1)
Rift_walley_fever_73HB1230_segmentM_giB¥E22833[20]

Rift_%alley_fever_Entehbe s%gmentm HigvE22773 E;]
Riff_valley fever_Kenya_57_Fintoul_segment_giB 76227 75[4)
Rift_valley_fewer_Smithburn_seamenth_giB7622777[30]
Rift_walley fewer_2373_74_seqmenthd_giB87E22779[37]
Rift_valley_fever_r&3_70_segmenth_gif7E227E7[A)]
Rift_valley_fewer_SA-75_segmenthd_giB7622769[1 4]
Rift_Valley fever Kenva 56 _IBS_segmenth ng?EEQ?NHB]
Rift_Valley fewer_ 2269 74 seament_gidyB22834[051]

12

Rift_Yalley_fever_Sa-51_%an_Wwyck_segmentM_giB7622781[27]
Rift_ Valley fever_0S-3_seamenth_gig7622759[0]

Rift_valley fewer_0S5-9 segmentd_gif7622757[2]
Ritt, Valley fever_05-8_seamenthl_ g|8?622?61[3]
Riff_valley fever_05-1"segmentM_gid7622763(3
Rift_valley_fever_ARD-38388_seamenth_gif7622765[349]




RVF S segment

Number_SNPs: 436

Number_Homoplastic_SNPs from MSA tree: 107
Number_Homoplastic_SNPs from SNP Hamming distance tree: 110
Number_Homoplastic_SNPs from SNP RAXML tree (shown below): 106
Only 2 strains cannot be uniquely resolved on the basis of SNPs:
Rift_Valley_fever_200803166_segmentS_gi330422537

Rift_Valley fever Kenya 9800523 segmentS_i87622508

Number of SNP microarray probes:

17,993 probes for all alleles

5,381 probes for observed alleles only

Rift_‘alley_fewer_2007000222_segmentS_gi190411381[1]
Rift_Valley_fever_2007000224_seamentS_gi1904113745[0]
Rift_Valley_fewer_2007001602_segmentS_gi190411334[2]
Rift_Valley_fever_2007001800_segmentS_gi190411336[1]
Rift_Yalley_fewer_200803169_segment5_0i330422546[3]
Rift_alley_fewer_200803162_segmentS_gi330422525[1]
Rit_Yalley_fewer_2007000080_segmentS_gi130411387[1]
Rift_Valley_fewer_2007004183_segmentS_gi190411300[1]
Rift_Valley_fever_2007003644_seamentS_gi190411303[0]
Rift_Yalley_fewer_2007002060_segmentS_gi190411324[1]
Rift_Valley_fever_200803170_segmentS_i330422549[0]
Rit_Yalley_fewer_SPUZ2215KENDY_segmentS_gi1 63013485[1]
Rift_‘alley_fewer_SPUTTRSADB_segmentS_gilA7701051(2]
Rit_Yalley_fewer_SPU10301KEMNO7 _segmentS_gi168013501([0]
Rift_Yalley_fewer_SPU10307KEMNDT _segmentS_gi168013507([0]
Rift_Valley_fever_200803164_segmentS_gi330422531[1]
Rift_Yalley_fewer_200803168_segment5_gi330422543[0]
Rift_valley_fewer_2007000608_segmentS_gi190411363[1]
Rift_Yalley_fewer_2007002820_segmentS_gi190411304a[1]
Rift_Yalley_fewaer_SPU2201KENO7_segmentS_gi1 6801 3486(3)
Rift_Valley_fewer_2007004134_segmentS_gi190411297[1]
Rift_Valley_fewer_2007000665_segmentS_gi190411354[0]
Rift_Valley_fewer_2007001564_seamentS_gi190411342[1]
Rift_Yalley_fewer_2007001811_segmentS_gi190411330[2]
Rift_‘alley_fewer_SPU2214KENO7_segmentS_gi1 68013482(8)
Rift_Yalley_fewer_An331MADI1_segmentS_gi168013387[0]
Rift_Yalley_fever_An1000MADA1_segmentS_gi1 68013393[1)
Rift_Yalley_fewer_An339MADI1_segmentS_gi168013330[1]
Rift_Yalley_fewer_SPUSZ001RSAS9_segmentS_gi1 6301 3450[8]
5~ Rift_Valley_fewer_Saudi_2000-10911_segmentS_gi87622527([0]
L Rift_valley_fever_Ar212295A00_segmentS_gil G301 3414[4]
Rift_‘alley_fewer_200803167_segmentS_gi330422540[4]
Rift_Yalley_fewer_Kenya_8800523_segmentS_gi87622508[0]
Rift_Valley_fewer_200803166_segmentS_gi330422537[0]

- Rift_Valley_fewer_SPU384001KEMS7 _segmentS_gi168013453(3]
- Rift_Valley_fewer_SPU1200280M88_segmentS_ai1 5301 3447[2]
Rift_Valley_fever_SPU204ANGLES_seamentS_gi1 6801 3444[3]
Rit_Yalley_fewer_VRL1290ZIM78_segmentS_gi168013468([5]
Rift_Yalley_fever_“accine_segmentS_gi168013456[1]
Rift_Yalley_fewer_T1_segmentS_gi87622181[0)
Rift_Yalley_fewer_7HS01EGYT7T_segmentS_gi168013480[0]
Rift_Yalley_fever_AnTAMBUL_seamentS_gi1 68013399[0]
Rift_Yalley_fewer_ZM-657_segmentS_giaT622104[1]
Rift_Valley_fewer_ZH-1776_segmentS_gi87622219[3]
Rift_Yalley_fewer_75-6365_segmentS_giB7622087[0)
Rift_Valley_fewer_MP-12_segmentS_giBT622237[4]
Rift_Yalley_fever_segmentS_gi302596324[0]
Rift_Yalley_fewer_7C-3348_segmentS_gi87622209[2]
Rift_Valley_fewer_Arg11MADT7I_segmentS_oil 6901 3405[3]
Rit_Yalley_fewer_VRL1516ZIM78_segmentS_gi168013471[1]
Rift_Yalley_fewer_SPUTTNAMD4_seurmentS_oi168013441[15]
Rift_Yalley_fewer_Ar2036BRSAB1_segmentS_gi168013411(7]
Rift_Yalley_fewer_73HB1230_segmentS_gi87622565[10]
Rift_Yalley_fever_VRL1887ZIMT8_segmentS_oi168013474([2]
Rift_Yalley_fewer_1260_F&_segmentS_gid7622415[1]
Rift_Yalley_fever_VRL2230ZIM78_segmentS_gi168013477[1]
Rit_Yalley_fewer_SPU457AMBBS_segmentS_gi168013438(6]
Rift_Yalley_fever_segmentS_ogiB7622754([0]
Rift_Valley_fewer_T4HBS9_segmentS_gi876223597[0)
Rift_“alley_fewer_1853_F&_segmentS_gid7622488(0]
Rift_Yalley_fever_VRL1032ZIM78_segmentS_gi168013465([0]
Rift_Yalley_fewer_Hw-B375_segmentS_giB7622362[4)
Rift_Valley_fever_R1662CARSS_segmentS_gi168013435[7]
Rift_Yalley_fewer_AnkBO87GUIS4_segmentS_gi168013396[1]
Rift_Yalley_fever_Zinga_segmentS_gig7E22471[0]
Rift_Yalley_fewer_900085MAUSE_seqmentS_gi1 68013381(2)
Rift_Yalley_fever_0S-9_segmentS_giB76227045[1]
Rift_Valley_fever_0S-3_segmentS_gig76226845(0]
Rit_Yalley_fewer_ArD38388BFB3_segmentS_gi168013417[4]
Rift_Yalley_fever_ARD-38388_segmentS_gidr622743(2]
Rift_Yalley_fewer_ArD38661SEMS1_segment3_gi168013420[2]
Rift_Yalley_fever_Arf4RSA55_seagmentS_gi168013402[12]
Rift_Valley_fewer_VRLT7E3ZIMT0_seamentS_gil1 68013453(2]
Rift_Yalley_fever_Ar1 2568RSA71 _segmentS_gi168013408([0]
Rift_Valley_fewer_SA-75_segmentS_gi87622622(0]
Rift_Yalley_fewer_H1825R8ATS_segmentS_gi168013423[0]
Rift_Yalley_fever_a6KENES_segmentS_gi168013378([0]
Rift_Valley_fewer_Kenya_56_IBS_segmentS_gid7622644(0]
Rift_Yalley_fever_Kenya_57_Rintoul_seamentS_pi87622256[3]
Rift_Valley_fewer_Entehbe_seamentS_gi87v622272[4]
Rift_Valley_fever_Smithburn_segmentS_gi8r622291[11]
Rift_Yalley_fever_B314KENGZ_segmentS_gi1G8013423[6]
Rift_Yalley_fewer_LunyoUGASS_segmentS_gi168013432[16]
Rift_Valley_fever_2373_r4_segmentS_giB7622326[10]
Rift_Yalley_fewer_SA-91 _Van_Wyck_segmentS_gi87622308[6)
Rift_Valley_fever_2269_r4_segmentS_giB7622587([14]
Rift_Yalley_fever_B1143KENTT _seamentS_oi168013426[1]
Rift_Valley_fever_214445KENB3_seamentS_gi168013384[1]
Rift_Walley_fever_VRLB25ZIMTY_seamentS_gi168013462(4]




JEV

Number_SNPs: 6759

Number_Homoplastic_SNPs from MSA tree: 2050

Number_Homoplastic_SNPs from SNP Hamming distance tree (shown below): 2018
Number_Homoplastic_SNPs from SNP RAXML tree: 2139

All strains can be uniquely resolved on the basis of SNPs.

Number of SNP microarray probes:

273,205 probes for all alleles

78,468 probes for observed alleles only
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Old World Arenaviruses L segment

Number_SNPs: 7556

Number_Homoplastic_SNPs from MSA tree: 698

Number_Homoplastic_SNPs from SNP Hamming distance tree (shown below): 417
Number_Homoplastic_SNPs from SNP RAXML tree: 606

All strains can be uniquely resolved on the basis of SNPs.

Number of SNP microarray probes:

173,157 probes for all alleles

44,031 probes for observed alleles only

317 Lymphocytic_choriomeningitis_Mx_L_gi1 537 26634[201]
—|£ Lymphocytic_choriomeningitis_Pasteur_segmentl_gQi115383203[238]
0 Lymphooytic_choriomeningitis_Douglas_4707_segmentl_gi258489190[473)
4@ Lymphooytic_choriomeningitis_CH-5692_segmentl_gi115383197[451]
Lymphooytic_choriomeningitis_Marseille_12_segmentlL_gi82659703[456]
7 Lymphooytic_choriameninagitis_200501927_segmentl_gi258489178[51]
Lymphooytic_choriomeningitis_200504261 _segmentl_i258489197[53]
Lymphocytic_choriomeningitis_gi4101560[45%]

2 Lyrnphaocytic_chariomeningitis_segmentl_gisf440167[3]
_E Lyrmphacytic_chariomeningitis_segmentRIA_segmentRMA_giG1 6557 18[5]
1 Lymphooytic_choriomeningitiz_segmentl_gi23334585([6]

33
36
L
51 Lymphooytic_choriomeningitis_segmentl_agi169641153[34]
4@ Lymphocytic_choriormeningitis_segrnent__oi169641159[30]
Lymphooytic_choriomeningitis_WE_suhUBC_Mo_a7135_seamentl_gi258[51]
16
2
50

o Lymphooytic_choriomeningitis_810362_segmentL_gi255489201[454]
Lymphocytic_choriomeningitis_810885_segmentl_gQi258489187F[531]
Lymphooytic_choriomeningitiz_8112316_segmentl_gi2584891 83[465]

Lymphooytic_choriomeningitis_Traub_segmentl_gi115383209[491]

Lymphooytic_choriameningitis_810366_seamentL_ai258489171[447]

Lymphocytic_choriomeningitis_Bulgaria_seamentl_oi308097144[393)

Lymphooytic_choriomeningitis_810935_segmentl_gi258489175([334]

Lassa_Acar_seq1[28]

219

Lassa Weller_seqs[16]

13

Lassa_<148_ segmentl_gid903738490177)

Laszsa_Josiah_segmentl_ai323903304([0]
Lassa_Josiah_segmentl_gQi49037383[0]
Lassa_recomhbinant_Josiah_segmentl_gid23903308([3]

T Lassa_Macenta_segmentl_gid3037377[1]
1] Lassa_Mozambigque_seq2[4]
43 Lassa_Pinneo_seq4[3]
146
1]
30
14
321

1 128

Lassa_segmentl_gi23343512[0]
—— Lassa_gil 90654 6[0]

Lassa_RL_RING_finger_protein_Z_and_poklmerase_L_ogenes_aid77299[350]

361 Lassa_Av _RING_finger_protein_<_and_polvmerase_L_denes_gid 77 2859[0]
S | assa_AY 0i3s4B81507[0]

ﬁLassa_CSF_RING_ﬂnger_prntein_Z_gene_gi3?955034[1 4]
'—Lassa_CBF_pnIymerase_L_gene_giE?QEEDSE[D]

310 Mopeia_AMNZ0410_segmentl_giSBE99504[16]
—Eru1|:|peia_La55a_reassnﬂant_?9_SegmentL_gi55599498[1 3]
Mopeia_Mozambigque_segmentl_giga542279[353]

1 :
hMobala_segmentl_gid9903001[328]
4|£ru1|:|rl:ugI:urn_segmentL_giEﬁﬁEST?EQ[SEat]

|_|E Luna_MNamwala-1_segmentl_gi249731811[404]
1] Luna_segmentl_gi3o6491 220[3448]

Ippy_sedmentl_giB99029945[3349)
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Old World Arenaviruses S segment

Number_SNPs: 4657

Number_Homoplastic_SNPs from MSA tree: 602

Number_Homoplastic_SNPs from SNP Hamming distance tree (shown below): 484
Number_Homoplastic_SNPs from SNP RAXML tree: 576

There are 2 pairs of strains that cannot be uniquely resolved on the basis of SNPs:

1
1

2
2

Lassa_ AV_GPC_and_nucleoprotein_NP_genes_gi46373061
Lassa_AV_gi354681510

Lassa_recombinant_Josiah_segmentS_gi323903302
Lassa_segmentS_gi23343509

Number of SNP microarray probes:
120,873 probes for all alleles
30,698 probes for observed alleles only

Lymphoetic_choriomeningitis_810366_segmentS_gi258489113[162]
Lymphoetic_choriomeningitis_Traub_sedmentS_ai115383206[157]
Lymphocytic_choriomeningitis_segmentRMNA_segmentRNA_QIT10233856[1 46]
Lymphocytic_choriomeningitis_Douglas_4707_segmentS_gi2523489140[161]
Lymphoeytic_choriomeningitis_segmentRMNA_segmentRNA_JIB16557145[4]
Lymphoeotic _choriomeningitis_segmentS_ai116563461[4]
Lymphoeoytic_choriomeningitis_segmentS_giz3334588[0]
Lymphocytic_choriomeningitis_Pasteur_segmentS_gi115383200[182]
Lymphocytic_choriomeningitis_gi331379[177]
Lymphoetic_choriomeningitis_200501927_seamentS_gi255439121[18]
Lymphoeytic_choriomeningitis_200504261_seamentS_gi255439147[14]
Lymphoeytic_choriomeningitis_WE_subUBC_A-337_segmentS_gi2584849[0]
Lymphoeytic_choriomeningitis_WE_subUBC_MNo_&7135_seament3_gi258[2]
Lymphocytic_choriomeningitis_segmentS_gil 69641 150[3]
Lymphoeytic_choriomeningitis_segmentS_gi1 69641 1486[11]
Lymphoeytic_choriomeningitis_WHI_segmentS_gi258489132[172]
Lymphoeytic_choriomeningitis_310885_segmentS_gi258489128[174]
Lymphoeytic_choriomeningitis_Marseille_12_seamentS_gi82659700[01 7]
[ Lymphoetic_choriomeningitis_810362_segmentS_gi258489151[161]
Lymphoeytic_choriomeningitis_811316_segmentS_gi2584 891 25[186)
Lymphocytic_choriomeningitis_CH-8692_GP_and_nucleoprotein_MF_g[2]
Lymphoeytic_choriomeningitis_CH-5692_segmentS_ail 15383194[0]
Lymphoeotic _choriomeningitis_CH-5371_GP_and_nucleopratain_WP_g[232]
£ Lymphoeytic_choriomeningitis_Bulgaria_segment5_gi308097146[213]
Lymphoeytic_choriomeningitis_M2_segmentS_gi108743534[172)]
,_@LymphDcy’tic_chDriDmeningitiS_CABN_segmentS_gizzam5596[202]

3 Lymphoeytic_choriomeningitis_SMN05_segmentS_giZ 2801 5602[181]
Lymphoeotic _choriomeningitis_GRO1_segmentS_gi2 280155931 7]
Lymphoeoytic_choriomeningitis_810835_segmentS_gi258489117[178]
Ippy_segmentS_gi89902998[123]

Mobala_segmentS_gi893345729[1 249]
Lassa_recombinant_Josiah_seamentS_giz23903302[0]
Lassa_segmentS_gi23343509[0]
Lassa_Josiah_segmentS_gi49037 386[0]
Mopeia_Lassa_reassortant_29_seagmentS_gisG699501[6]
Lassa_ML_GPC_and_nucleoprotein_MNP_genes_gi377288330191]
11?Las5a_r-nacenta_segmentS_gMQDS?BBD[?z]
Lassa_Z148_segmentS_gid49037392[73]
161Lassa_AV_GF'C_and_nucIeUpmtein_NP_genes_gi4E3?3051[D]
Lassa_AW_gi354681510[0]
9 Lassa_Weller_seqmentS_ai49037395[200]
Lassa_gis8641[200]
5 Lassa_803213_and_nucleoprotein_genes_gid294338[182]
B |assa_gi1 6033352[151)
Lassa_LP_and_nucleaprotein_genes_gi9294834[0]
Lassa_Pinneo_segment5_gi45037 398[1]

16

13
1] l—Lassa_Acar_3DSD_segmentS_gi4903?4D1[1]
10 Mopeia_AM20410_segmentS_giaBE99507[3]
’_E Mopeia_AN_21366_glycoprotein_ands_gi332155[5]
[ Lassa_Mozambigue_seq3[r2]
l—MDpeia_Mazambique_segments_gi855422T6[128]

|—|.2_ﬁ_ Luna_MNarmwala-1_segmentS_gi349731808[162]
1 Luna_segmentS_gidsG491 217[186]
[ Morogoro_segmentS_gi265237668[151]
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Junin L segment

Number_SNPs: 182

Number_Homoplastic_SNPs from MSA tree: 7
Number_Homoplastic_SNPs from SNP Hamming distance tree: 5
Number_Homoplastic_SNPs from SNP RAXML tree (shown below): 4
All strains can be uniquely resolved on the basis of SNPs.

Number of SNP microarray probes:

2397 probes for all alleles

812 probes for observed alleles only

Junin_Candid_1_seagmentl_gi227957900[2]
Junin_Candid-1_segmentl_gia2222318[8]
Junin_Candid1-wi_segmentl_gi32 867801 3[0]
Junin_Candid1-rec_segmentl_gi3286790149[2]
Junin_x144 _segmentl_gi22T958004[45)
Junin_%139_segmentl_gi342360491[0)
Junin_xJ34_segmentl_gi342360488[1]
_Elglunin_mcz_segmentL_gi*l F4519644[1]

4 Junin_Rumero_segmentl_ogid 280957 56[0]
—— Junin_r¥J13_segmentl_gi226374508[0]
Junin_x3_segmentl_oi2 2637 4502[0)
Junin_segmentl_gidd 36552 6[0]
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Junin S segment

Number_SNPs: 660

Number_Homoplastic_SNPs from MSA tree: 162
Number_Homoplastic_SNPs from SNP Hamming distance tree: 161
Number_Homoplastic_SNPs from SNP RAXML tree (shown below): 160
All strains can be uniquely resolved on the basis of SNPs.

Number of SNP microarray probes:

20,341 probes for all alleles

6,100 probes for observed alleles only

Junin_gida220432[349]
Junin_xJ44 _segqmentS_gi239736037[0]
Junin_Candid_1_segment5S_giZB4665554[5]
Junin_Candid1-rec_segmentS_oi328679022[0]
Junin_Candid?-wt_segmentS_gid 2867901 6[0]
Junin_Candid-1_segmentS_oia22228145([0]
Junin_xJ34_seamentS_gi3d42360500[0]
Junin_<J17_seqmentS_gi342360497[0]
Junin_segmentS_ni34365529[0]
2 Junin_<13_seqmentS_oiZ 2637 45045([0]
0 Junin_recx13_seqmentS_oid4 23097 77 [0]

. -

Junin_r13_segmentsS_oiZ2 2637451 1[3]
Junin_Cha_M4454 seqgmentS_gi115510873[83]
Junin_P2290_segmentS_gi1 1414997 3[349]
Junin_P3780_seqmentS_oil114149980[0]
Junin_P3TE6_seqmentS_oi114149968[1]
Junin_P19598_seqmentS_gil114149952[37]
Junin_P35302_seamentS_oi114149983[42]
Junin_JHM-6682_segmentS_gil 05969666[32]
Junin_P2045_segmentS_gi1 141499611 6]

13 Junin_P4036_seqmentS_gil114148948[24]
4|E£Junin_F‘ETTB_segmentS_gH 14149964[28]
3 Junin_JMm-7354 _seqgmentS_gil 05969671 [40]
_@Junin_F‘SDQE_segmentS_gH 14149976[2 7]

Junin_P2031_segmentS_git 14149954501 4]

Junin_Rumero_sedmentS_gi48095759[1 4]
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Machupo L segment

Number_SNPs: 373

Number_Homoplastic_SNPs from MSA tree (shown below): 0
Number_Homoplastic_SNPs from SNP Hamming distance tree: 0
Number_Homoplastic_SNPs from SNP RAXML tree: 0

All strains can be uniquely resolved on the basis of SNPs.
Number of SNP microarray probes:

6173 probes for all alleles

1719 probes for observed alleles only

Machupo_Carallo_segmentl_oi1 6451964 F[1]
4

187
31 Machupo_seamentl_oi34365535[3]

Machupo_Carallo_segmentl_oi4308957F6E2[0]

fachupo_Mallele_seqmentl_oid 30957ES[217]

Machupo_Chicawva_segmentl_gi4852570F[163]
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Machupo S segment

Number_SNPs: 614

Number_Homoplastic_SNPs from MSA tree (shown below): 54
Number_Homoplastic_SNPs from SNP Hamming distance tree: 54
Number_Homoplastic_SNPs from SNP RAXML tree: 56

The following 4 strains cannot be uniquely resolved on the basis of SNPs:

1

1
1
1

Machupo_Carvallo_segmentS_gi22901290
Machupo_Carvallo_segmentS_gi45826501
Machupo_Carvallo_segmentS_gi48095765
Machupo_segmentS_gi34365532

Number of SNP microarray probes:
15,309 probes for all alleles
4,336 probes for observed alleles only

_EMachupD_segmentﬁ_gi34355532[lil]
Machupo_Carvallo_segmentS_gid5326501[0]
Machupo_Camallo_segmentS_giz2901 290[0]

1]

51 _|:Machupn_cawanu_segments_gmauga?ﬁs[n]

53— Machupo_MARL_216606_sedmentS_giG27a6412[5]

|—Machupn 9301012 _seqmentS_gif2TEGA09[20]

20
I—Machupn Chicava_segmentS_giB 276640001 7]

fachupo_Mallele_seqmentS_gi48095771[110]

> Machupo_9430084_segmentsS_oif27EE403[54]
47 Machupo_MARL_248121 _segmentS_giB27E6418[37]
2 Machupo_200002427 _segmentS_Qi62YE6406[6 3]

4@ Machupo_MARL_222688_seqmentS_gif2 TER4145[103]
Machupo_9530537_seqamentS_gi45826504[111]
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New World Arenaviruses L segment (including Machupo, Junin, and others)

Number_SNPs: 4389

Number_Homoplastic_SNPs from MSA tree: 79

Number_Homoplastic_SNPs from SNP Hamming distance tree (shown below): 50
Number_Homoplastic_SNPs from SNP RAXML tree: 233

All strains can be uniquely resolved on the basis of SNPs.

Number of SNP microarray probes:

80,973 probes for all alleles

20,800 probes for observed alleles only

Junin_Candid1-rec_segmentl_gi228679019[4]
Junin_Candid1-wt_segmentl_gi32867901 3[0]
Junin_Candid_1_segmentl_gi227557900[1]
Junin_xldd_segmentl_gi2 27 558004[7]
Junin_Candid-1_segmentl_gis2222818[12]
Junin_¥J13_segmentl_gi226374502[0]
Junin_segmentl_gi34365526[0]
Junin_#J34_segmentl_gidd2360488[2]
Junin_#1348_segmentl_gidd 2 360491[0]
Junin_rl1 3_seqmentl_gi2 2637 4508[1]
Junin_MCZ_segmentl_gi1 6451964 4[1]
Junin_Rumero_segmentl_gid309a756[0]

1 Amapari_BeAn_F0863_F protein_and_RMNA-dependent_ RMNA_palvmerase [19]
Amapari_segmentl_gi164607199[16]
Guanarito_IMH-95551_seamentl_ail 6451 96345[5]
Guanarito_segmentl_gi343653341([5]
Cupixi_seamentl_gil B4607211[341]
tachupo_Carvallo_segmentl_gi1 64519684 7[2]
tachupo_Carvallo_segmentl_gi4309a762[0]
Machupo_segmentl_gi3d365535[3]
tachupo_Chicava_seamentl_gi48524707[251]
Machupo_Mallele_segmentl_gi430957E2[374]
Tacarihe_segmentl_gi23334591[286]
Chapare_segmentl_gil 720381 74[311]

313 Sahia_SPH114202_segmentl_gi164519641[4]
22 Sabia_segmentl_gis2627076[2)
16—Latino_segmentL_gH890262??[2?4]
Oliveros_segmentl_gi1 646071 96[282]

—10 Pichinde_Munchigue_CoAnd763_P18_segmentl_gi156103993[23]
Pichinde_Munchigue_CoAnd¥6E3_P2_seamentl_ail 557 33526[18]
Fichinde_gisa77ar06[376]
Allpahuayo_seqmentl il G4607 202[316]

i} Pirital_v&v-488_segmentL_gi1645159638[11]
Pirital_segmentL_gi4 86960241 8]
Flexal_segmentl_gi189026271[310]

0 FParana_sedmentl_gi1 89026230[301]
o Bear_Canyon_ADDGE0205_segmentl_gi164518632[223]

1232 Bear_Canyon_sedmentl_gi1 64607 208[217]

'F Whitewater_Arrovo_segmentl_gi1 37 3348457 [366]
'—Whitewater_Arrcn,ro_segmemL_gH 33531120[340]
M=ag lamiami_W_10777_segmentl_gi1 B6909556][6]
319

Tamiami_segmentl_gi188531114[49]
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New World Arenaviruses S segment (including Machupo, Junin, and others)

Number_SNPs: 5410

Number_Homoplastic_SNPs from MSA tree: 654

Number_Homoplastic_SNPs from SNP Hamming distance tree (shown below): 521
Number_Homoplastic_SNPs from SNP RAXML tree: 724

The following 2 pairs of strains cannot be uniquely resolved on the basis of SNP:

1 Machupo_Carvallo_segmentS_gi22901290

1 Machupo_Carvallo_segmentS_gi48095765

2  Pichinde_gi332639

2  Pichinde_gi55733698

Number of SNP microarray probes:
139,505 probes for all alleles
37,249 probes for observed alleles only

22



Junin_¥J13 segmentS_t%iHESNSDS?JD]?
Junin—rec 1 3 segmentS_gi34 230977 7[0]
Junin_s)geﬁmentﬁ_gi34365_529§ﬂ]7
Junin_pt13_segmentS_gi2263 4511&3]
JuninZ®J17 “segmentS_g1342360497[0]
Junin_xJ34 segmentS_ginZSEDSDD&D]ﬁ
Junin_Candid-1_seamentS_gio2222815[0]
Junin_Candid1-wi_segmentS gi3286?9016£0&
Junin_Candid1-rec_segmentS_gi328679022[0]
Junin_Candid_1_segmentS_gi?H4665554[5]
Junin_%J44 segments gi239?3503.‘;{ﬂ
Junin_P22490_segmentS_gi114149973[50]
segmentS_gi114149968]1]
segmentS_gHMMQQBD[D]
1

[
=
=
=

o

=

=

=
i)
[y
—=
[Culny)
o

Junin_P2045 segmentS_gi114149961[21]
Junin_Rumerd_segments_gi48095759[29
Junin_P2031_SegmentS_gi114149955
Junin_P3096_sedmentS_gi114149976[33
Junin_P1988 segmentS_gi114149952[43
Junin_JMM-6E82_segmeniS_gi1 0596956 é34]
Junin_P35302_segmentS_giT14149983[44]

Junin
'W'J_B—Junin FA036_segmentS_oil14149958[27

1
7
P3778_segmentS_oil141 49954L341]
[34]

JuninZJKM-7354_segmentS_gi1 05969

7
Junin_gi452204327449]

unin_Cha_| _segmentS_gi
Juni ha_lW4454 t5_gi115510873[122]
Machupo_Carallo_segmentS_gi22901290[0
1] Machupo_Carvallo_segmentS %MBUQS?ESD
] Machupo_segments_gi34365532[1]
49 Machupa_Caralla seﬁgﬂmentS_gMSBEESDUD]ﬁ
63 Machupo_MARU_F16E06_sedmentS ni627 6641 2[7]
Machupo_ 9301072 _seamentS_gif27ER403[26]
22 MachupD_Chicava_segmentS_giBE?EEelDUFD
12 Machupo_Mallele_segmentS_gi48095771[15
6 Machupo_MARU EQQESS_SE%I‘TIBMS I627AE4156[138]
'_,_ﬁ—n_Machupn_QHDElEal segmentsS_ogi62 EdDSE’ﬂ
g 62 Machupo_MARU_249121_segmentS_gif27B6418[41]

MachupD_EDDDD242?_Segment8_ag5ii32?88406%861
Machupo_9530537_segmentS_gid5826504[171]

Tacaribe_segmentS_ni23334594[147)

Pichinde_Munchigue CoAnd763_P18_segmentS_ogi155733529[3]
Pichinde_gi3426344 ]

Pichinde_gi3426347[2

Pichinde_Munchigue CoAnd47B3_P2_segmentS_gi155733523[7]
Pichinde_gi3426338[2]

Pichinde_gi3426341[7]

Pichinde_gi332639

Pichinde_giaa733698[0]
Pichinde_temperature-sensitive_mutant_ts13_segmentS_gis174771[12]
Allpahuayo_gi22651509(2

Allpahuayo_gi1 20075371

Flexal_segmentS_gil 89026258 Si

Maafarana_102586_an sjgi234522 1[14]
Parana_segmentS_giTaa043026[15]

Pirital_3945_clone_A_segmentS_gia0381053 5&

1} 10 Irital_ segments g
Pirital Ay 97020972 1S _Qi18901718

20 Pirital_39%5_clone_E_segmentS_gin0981059[7]

12 Pirital_3945_clong C_segmentS_giSDQBWSEp 4J
Pirital_AY_ 87021076 seTqmentS 150816222[184]
irital_seamentS_ai

0 '_'EF" ital tS_giTa274351(2
0 10 Pirital_seamentS_ni42636000[33]

Pirital_vA-1743 SegmentS_gia0921062[187]

Pirital_WAv-1645_segmentS_gia0916210[169]
Wihitetwater_Arrovo_9310147 segrentS_gi22301302[4]
Whitewater_Arrovo_sedmentS_gi1 8353711 7[5]
Whitervater_Arrovo_Morth_American_arenavirusAV_96010024_segment]174
Wihitewater_Arrovo_Morth_American_arenavirusAY_ 98010151 segment][157
Whitewwater_Arrovo_Morth_American_arenavirusAy_01240007_segment[15
Catarina_Av_AD400135_segmentS_gi115394823[168
Catarina_Av_A040021 2 sedmentS_Qi1 153943260169
Skinner_Tank_&Y_D10000490 segments i159461053[168]
Tamiarmi_wW_TO777_ands glISei 2251[313?
Tamiami_sedmentS_gi188572141[26]
Tamiami_Av_97140103 segqmentS_gH859?0541%158%

Se

Bear_Canyon_AY_9847002¢ rments3 gi.‘f’8522 32[57]
4@Bear_canyon_segments_gﬂ'ﬁai 07 208[30)
Bear_Canyon_A0DDB0209_ands_ni23452267[38]

Latino_Maru_T0924_segmentS ?2290128?‘6]
’—@Latmu_segmems_gms 026274[71]
1}

Qliveros_segments gi_16450?193[1344
Chaparé_segmentS_gi1 7208817 1[144]
Sahia_gi5s2627079[125

Cupixi_segmentS gi15460?214[159]
Guanarito_CWH-880101_segmentS_gid5239320[7]
Guanarito_CWH-860102_segmentsS_gia0253978 5]9
Guanarito_CWH-850801 _sedmentsS_gia0253975[29]
Guanarito_IMH-95551_segmentS_giZ22901284[0
Guanarito_segmentS_gi3d365538[0]
Guanarito_CWYH-8601T73_sedmentS_gis0253972[12]
Guanarito_CWH-860302_sedgmentS_gio0253969 ?‘](5
Guanarito_CWH-561104_seaments %|5025398?E ]
Guanarito_wHF-3990_séumentS_gima7754738[115]
Uahatito_ SEMEN i
G fto_AW_ 87021118 %; 5 %'50916219[59]
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Guanatito_5-56764_segmentS_gia07 39564[{35%
Gluanarito_vAY-1608_segmentS_ois0253984[137]
Guanarito_VHF-1750_seamentS_ois0253981[127]

mAmapari_EeAn_?DSBﬁ ands 073452270013
Amapar_segrientS_ogl 646 B1[10] ‘o



Nipah

Number_SNPs: 684

Number_Homoplastic_SNPs from MSA tree (shown below): 0
Number_Homoplastic_SNPs from SNP Hamming distance tree: 0
Number_Homoplastic_SNPs from SNP RAXML tree: 0

All strains can be uniquely resolved on the basis of SNPs.
Number of SNP microarray probes:

10,573 probes for all alleles

3,090 probes for observed alleles only

—{r

0

—fo__

1

43

Mipah_My_WY_98_UM-0128_gi40644712[1]
Mipah_MNy_MY_98_VRI-2794_gid0644E98[1]
Mipah_UMMC1_gi15487363[1]

Mipah_gi13559808[0]
Mipah_MNy_MY_98_VRI-1413_gid0644705[2]
Mipah_UMMC2_gi15487372[2]
Mipah_Ind-MNipah-07-FG_frorn_India_gi25355984 3[1 36]
MNipah_gi6E271892[1 36]
Mipah_MNy_MY_98_YRI-0B26_gis7282508[43]
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Hendra

Number_SNPs: 437

Number_Homoplastic_SNPs from MSA tree (shown below): 37
Number_Homoplastic_SNPs from SNP Hamming distance tree: 38
Number_Homoplastic_SNPs from SNP RAXML tree: 37

All strains can be uniquely resolved on the basis of SNPs.

Number of SNP microarray probes:

5,841 probes for all alleles

2,280 probes for observed alleles only

Hendra_Hev_Australia_Bat_2008_CedarGrove_11c_gid50888740[3]
Hendra_HeY_Australia_Bat_2009_TolgaScrub_300_gi3a0993730([1]
Hendra_HeY_Australia_Horse_ 2007 _Peachester_gi328495185[40]
Hendra_Hev_Australia_Human_Female_2008_Redlands_gi350998760[49]
Hendra_HeY_Australia_Horse_2009_Cawarral_ni3a099a 7 Fi[38]
Hendra_HeY_Australia_Horse_2008_Froserpine_gia284951845[50]
Hendra_Hev_Australia_Horse_2007_Cliton_Beach_G_gi350998750([10]
Hendra_HeY_Australia_Horse_2007_ClitonBeach_giad2849520a[1]
Hendra_gi294B8603[25]
Hendra_Hev_Australia_Horse_2006_kurwillumbah_gi3284851 Fa[46]
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Tick-borne encephalitis virus complex

Number_SNPs: 10,276

Number_Homoplastic_SNPs from MSA tree (shown below): 1260
Number_Homoplastic_SNPs from SNP Hamming distance tree: 1272
Number_Homoplastic_SNPs from SNP RAXML tree: 1759

All strains can be uniquely resolved on the basis of SNPs.

Number of SNP microarray probes:

288,269 probes for all alleles

78,225 probes for observed alleles only
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0 Tick-borne_encephalitis_Primorye-212_gi1 941 3641 3[8]
Tick-borne_encephalitis_Primorne-332_gi2323880742[10]
Tick-borne_encephalitis_Primorye-283_agi194136515[12]
Tick-borne_encephalitis_Primore-18_gi253558924[36]
Tick-borne_encephalitis_Primorye-80_ni2 386277 78[7]
Tick-borne_encephalitis_Primore-36_gi21 323906512
Tick-borne_encephalitis_Primorye-270_gi194136517[9]
Tick-tbarne_encephalitis_Primorye-69_gi1 94136519[144]
Tick-borne_encephalitis_Oshima_5-10_gi172213996[140]
Tick-tbarne_encephalitis_Primore-1153_g0i341833639[3]
Tick-borne_encephalitis_Primorne-301_gi341833641[1]
Tick-tborne_encephalitis_Dalnegarsk_oi2 1272541 4][0]
Tick-borne_encephalitis_Primorne-2238_gi3151148009[27]
Tick-borne_encephalitis_Primorne-92_gi322719593[46]
33 Tick-borne_encephalitis_Primorne-94_gi1 941 3652 2[33]

Tick-borne_encephalitis_Primine-89_giZ37507230[34]
33 23 Tick-borne_encephalitis_Primorne-633_9i315115007[59]
25 Tick-horne_encephalitis_Safjin-HO_gi1 FO46117[114]

Tick-borne_encephalitis_SofinkSY_gi3a1000270[147]
11 Tick-borne_encephalitis_MDJ-03_gi323510830[6]

7 a5 Tick-borne_encephalitis_MDJ-02_gi323510828[3]
"2 Tick-borne_encephalitis_Senzhang_polvprotein_gene_giZ598694 2[34]
3 151 Tick-borne_encephalitis_Kavalerovo_gi212725417[133]

Tick-borne_encephalitis_Svetlogarie_gi2944943200123]
Tick-borne_encephalitis_178-79_0i1513332514[317]
Tick-borne_encephalitis_886-84_qi151339916[391]

314Tick—bnrne_encephalitis_gi99?2404[5]
’—ETick—bnrne_encephaIitiS_Vasilchenku_gi4959022[1 3]

17 Tick-borne_encephalitis_Kolarowo-2008_gi23r430349[264]
Tick-borne_encephalitis_Zausaev_polyprotein_gene_giZ28453847[396]
Tick-borne_encephalitis_Salem_gi220873699[92]

29 Tick-borne_encephalitis_ai1065398[83]
Tick-borne_encephalitis_Kr_213_gi325111362[7]

G2 Tick-borne_encephalitis_Kr_93_gi325111364[8]
Tick-borne_encephalitis_gi1 06607 4[182]

18 ] Tick-borne_encephalitis_gif628431[141]
Tick-borne_encephalitis_AS33_ni282386084[1454]

gy Tick-borne_encephalitis_Toro-2003_giZ9341 3455[166]
——— Louping_ill_gi9628456[595]
Fovwassan_llysses_gidda294 7as[0]
Powassan_Ternay_ni345294801[1]
Fovwassan_Padizansk_2006_gil1 33885294(7)
Powassan_Madezdinsk-18991_from_Russia_gi189313470[2]
Fovwassan_Spassk-9_ il 927a8601[6]
Powassan_gi202607 F4[7]
Fowassan_B4-7062_POVWANYEd_gi300834854[473]
Fowassan_DTWWIBDE_gi300834850[14]

37 FPowassan_DTWYIADE_gi300834848[13]
41 Fowassan_DTWVICDE_gi300834852[23]
21 Fowassan_wicf@901_DTWVWIY9_gi300834544[47]

IEPnwassan_Deer_tiu:k_viruscthSD_pnl\,rprotein_gene_gi1 BH45869[56]
Fowassan_MFS001_DTvMa%96_gi300834846[46]

492R0\;5:I_Farm_Karshi_giEzF’Qﬂ X |

Roval_Farm_Karshi_giG2326809[26]
Roval_Farm_Karshi_virdsLEN-7192_Tur_gi92090828[518]
Roval_Farm_gig27¥91 376[4149]
kyazanur_forest_dizease_gil69212632[3]

’—_#Kyasanur_fu:urest_disease_giSNQQD9?[4]

187 Kyasanur_forest_disease_KFD_P_9605_gi297039743[15]

= kyazanur_farest_dizease_aAlkhurma_gi2z4432113[5320]
Langat_gi20260731[0]

55 Langat_TP21_gi197109943[9]
Langat_E5_polyprotein_gene_pig4a31452[14]

’_LﬁT_ﬁOmSk_Kubrin_giM 019254[3]
a5 Omsk_0i335892453[8]

Omsk_Bogolubovka_polyprotein_ogene_gid74990945[217]
Omsk_Guriev_gi239914114[194]
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